Genus Mentha presents group of plants which are the most studied in family Lamiaceae. Aboveground parts are used for different purposes in pharmacy, food industry or confectionery. Most important is natural product extracted from leaves -essential oil (EO). The aim of presented experiment was to demonstrate different chemotype and compare antibacterial activity of two Mentha species EO. Plant samples were obtained from various environments -from Slovakia and from Italy. Dominant compounds were determined by GC/MS. The results showed high amount of menthol and menthone in tested Slovak peppermint EO. On the other hand, carvone and 1,8-cineole were determinate as dominant compounds in Italian spearmint EO. The antimicrobial activity of the EO was investigated by disc diffusion and broth micro dilution methods. EO was evaluated for their antibacterial activity against 7 microorganisms: Enterobacter cloacae, Salmonella spp., Klebsiella pneumoniae, Escherichia coli, Staphylococcus aureus, Streptococcus pyogenes. The determination results of antibacterial activity by agar disk diffusion method ranged from 7 to 14 mm of the growth inhibition zone. MIC of tested mint EO varied from 0.625 to 2.5 μg/mL. In addition, both EO showed relatively the same antibacterial activity against the selected Gram-negative bacteria. However, there is a variation in the antibacterial activity against Gram-positive bacteria.
Mentha spp. is well known genus used by the human throughout history. The major applications include products for oral care, chewing gum, liquors and fragrances. Its potential depends on its multiple properties as carminative, antioxidant, antifungal or antimicrobial [1a] . There was also described as potential nutraceutical and functional food for prevention and treatment diseases [1b, 1c] . The antimicrobial activity of EO is especially focused on the treatment of strains resistant to conventional antibiotics [1d] .
Mentha × piperita L. (peppermint) is a perennial herb 50-90 cm high, with square-shaped stems and leaves are arranged in opposite pairs [1e] . Mentha spicata L. (spearmint) is an herbaceous, rhizomatous, perennial plant growing 30-100 cm tall, with variably hairless to hairy stems and foliage, and a wide-spreading fleshy underground rhizome [1f] .
These plants grow in temperate areas of the world, particularly in Europe, North America and North Africa, but nowadays cultivated throughout all the regions in the world. Both species are preferred by customers for their extensive use as culinary herbs, and due to their relatively high resiliency to adverse conditions. The aerial parts are useful to obtain EO. Dominant compounds in peppermint EO are menthol, menthone and 1, 8-cineole [1g] , while carvone, limonene and menthone were identified as main compounds in spearmint [1h, 1i] . The estimated world consumption of Mentha spp. EO is 4 500 tons per year [1j] . International demand of mint EO has been increased in the past few years. The largest producing countries are Bulgaria, Italy, China and USA, which contribute about 90 % of the world total mint oil production [1k].
Menthol is characteristic as dominant compound in peppermint with its well-known penetrating minty odor and cooling taste [2a] . Carvone as the most abundant compound is characteristic in spearmint EO [2b] . Spearmint EO also contains significant amounts of limonene, dihydrocarvone and 1, 8-cineol [2c] . Chemotaxonomy is distinguished by the major EO component [2d] . Unlike EO from peppermint, EO of spearmint contains minimal amounts of menthol and menthone. It is also used as a flavoring for toothpaste and confectionery, and is sometimes added to shampoos and soaps. Analysis of the component composition of EO allowed us to distinguish Mentha forms belonging to the different chemotype groups. Peppermint chemotypes were specified as menthol, pulegone-menthol and linalool [2e] ) , from which three were in content less than 0.1 % and four compounds below the limit of detection comparing to Italian sample (EO It ). The major constituents in EO Sk were menthol (49.3%), menthone (22.4%), 1,8-cineol (9.4%), menthyl acetate (6.4%), isomenthone (5.7%) and β-caryophyllene (1.4%). However, 13 compounds were determined in Italian sample (EO It ), from which as dominant were characterized carvone (62.4%), 1,8-cineole (6.2%), menthone (5.8%), β-caryophyllene (5.3%), methyl acetate (4.5%) and limonene (4.2%). Thirteen components were below the limit of detection. The most commonly used methods for study antibacterial activity of Mentha spp. EO are well diffusion method [3f] and agar disk diffusion method [1a, 3g] . The agar disk diffusion method was used for screening antibacterial activity of Mentha EO against 7 bacterial strains, five Gram-negative and two Gram-positive (Table 2 ). In this study EO SK and EO It exhibited an antibacterial activity against all the selected bacterial strains. Both samples showed a 7-10 mm/10μL inhibition zone against the tested strains. The most sensitive were E. coli and E. coli (ATCC 25922) strains (9-10 mm). The less sensitive was K. pneumoniae for EO Sk (7.0±0.6 mm) and S. pyogenes for EO It (7.0±0.5 mm). The highest inhibition zone (10 mm) were observed against two bacterial strains (E. coli and S. pyogenes) for EO Sk and against three bacterial strains (K. pneumoniae, E. coli ATCC 25922 and S. aureus) for EO It .
The present study showed relatively the same antibacterial activity against all tested Gram-negative bacterial strains with inhibition zones diameters ranged from 7.0 ± 0.6 to 10.0 ± 0.2 mm and from 9.0 ± 0.2 to 10.0 ± 0.4 mm, respectively, except for E. coli which is more sensitive to EO Sk than EO It . However, there is a variation in the antibacterial activity against Gram-positive bacteria. Staphylococcus aureus is more sensitive to EO It than EO Sk . Furthermore, Streptococcus pyogenes is more sensitive to EO Sk than EO It . Table 2 . The MIC of EO were determinate against Gram-negative (Enterobacter cloacae, Salmonella spp., Klebsiella pneumoniae, Escherichia coli) and Gram-positive (Staphylococcus aureus, Streptococcus pyogenes) bacterial strains. The MIC of both EO for the tested bacteria ranged from 0.625-2.5 μg/mL. Our results showed MIC values comparable to reported results [1a] . In their study is presented MIC of Enterobacter cloacae (1.0 μg/mL), Staphylococcus aureus (0.75 μg/mL), Escherichia coli (ATCC25922) (0.20 μg/mL) and Klebsiella pneumoniae (0.50 μg/mL). There were reported differences of susceptibility of variety bacterial strains. Gram-negative organisms are slightly less susceptible than gram-positive bacteria [3h] . Results obtained in study [3i] showed not selective antibacterial activity of spearmint EO on the basis of the cell-wall differences of bacterial microorganisms (Grampositive or Gram-negative bacteria).
Many publications presented strong antibacterial activity of Mentha EO. Their activities are assessed by the presence of dominant In any cases, also the synergistic effect of the components, found in small concentration, cannot be ruled out for activity of EO [3l] . A previous study confirmed that minor components play a role in antibacterial activity, possibly by producing synergistic effects with other components [3h, 4a] . Considering the large number of different groups of chemical compounds present in EO, the activity of terpenes would be expected to relate to the structural configuration and to their functional groups [3m] and it is most likely that their antibacterial activity is not attributable to one specific mechanism but that there are several targets in the cell [4b, 4c] . The comparison of the chemical composition and the antibacterial activity between two Mentha spp. EO was investigated in this study. The present study showed a variation in the chemical composition between EO Sk and EO It . In addition, both EO exhibited an antibacterial activity against the selected bacterial strains. Relatively the same antibacterial activities of both EO against Gram-negative bacteria were demonstrated. However, there is a variation in the antibacterial activity against Gram-positive bacteria. More specific studies are required to investigate the active components present in EO of different origin and their mechanism of action to justify their further used as antibacterial agents.
Experimental

Plant material and Essential oils (EO):
Two Mentha plant samples originated from Slovakia and Italy were used in this study. Sample from Slovakia, as a plant source was used peppermint cultivar named Perpeta which was grown by private company Agrokarpaty, Plavnica (Slovakia). Italian spearmint was collected in Peloritani Mountains, Sicily (Italy) and was identified at University of Messina. The EO from both samples were extracted by hydro distillation in a laboratory at University of Prešov according the procedures previously described [5a] .
GC/MS analysis:
Both samples of EO were analyzed by a gas chromatography/mass spectrometry (GC/MS) for quantitative and qualitative properties in laboratory at University of Prešov. GC/MS analyses were carried out on devices Varian 450-GC and 220-MS. Separation was provided on a capillary column BR 5ms (30 m× 0.25mm ID, 0.25 μm film thickness). Injector type 1177 was heated to a temperature of 220°C. Injection mode was split less (1 μL of a 1:1000 n-hexane solution). Helium was used as a carrier gas at a constant column flow rate of 1.2 mL min−1. Column temperature was programmed in four steps: (1) 50°C for 10 min, (2) 100°C at 3°C min−1, (3) isothermal for 5 min and (4) 150°C at 10°C min−1. The total time for analysis was 87.67 min. The MS trap was heated to 200°C, manifold 50°C and transfer line 270°C. Mass spectra were scanned every 1 s in the range 40-650 m/z. The retention indices were determined in relation to the Rt values of an homologous series of n-alkanes (C10-C35) under the same operation conditions. Constituents were identified by comparison of their retention indices (RI) with published data in different literature. Further identification was made by comparison of the mass spectra with either those stored in NIST 02 library or with those from the literature [5b]. Components relative concentrations were obtained by percentage of peak area normalization.
Bacterial strains:
The bacterial strains Enterobacter cloacae (S54b/16), Salmonella sp. (S13b/16), Klebsiella pneumoniae (S12b/16), Escherichia coli (S34/16) were isolated from poultry in the Regional Veterinary Laboratory of Mostaganem, Algeria. Staphylococcus aureus and Streptococcus pyogenes were from the Department of Biomedical and Dental Sciences and Morphofunctional Imaging, University of Messina, Italy. The strains were identified using Api20E systems (bioMerieux, France). The reference strain Escherichia coli ATCC 25922 (American Type Culture Collection, Rockville, MD, USA) was also used in this study.
Disk diffusion method:
The antibacterial activity of Mentha spp. EO was determined by agar disc diffusion assay according to the method previously described [5c]. The agar plates had been inoculated with selected bacterial strains. Well isolated, single bacterial colonies growth overnight was transferred into physiological water. The turbidity of the bacterial suspensions was adjusted to 0.5 McFarland standards. The bacterial suspensions were swabbed on the surface of Mueller Hinton agar with sterile cotton swabs. The sterile paper discs (6 mm in diameter, Thermo Fisher, Italy) were separately impregnated with 10 µl of EO. Samples were prepared in triplicates. After 24 h of incubation at 37°C, the diameters of the growth inhibition zone were measured.
Minimal inhibitory concentration (MIC):
The determination of the minimal inhibitory concentration (MIC) was performed with a broth micro dilution assay, using a serial microplate dilution method [4d] with slight modifications. MIC was determined using 96-well microplates, serial twofold dilutions of peppermint EOs in MuellerHinton broth (MHB) were prepared over the range of 5 to 0.0097 μg/mL. Compounds to be investigated were dissolved in MHB. Subsequently, 100 μL of an actively growing culture of the tested strain were added to each dilution. The microplates were sealed and incubated 24 h at 37°C. The MIC was defined as the lowest concentrations without visible growth, at the end of incubation. MHB and bacterial culture were used as a positive control and the medium without bacteria as a negative control. After incubation the optical density was measured at a wavelength of 630 nm by microplate's reader (Fluostar Omega, BMG Labtech, Italy). Three replicates were done for each EO. Escherichia coli strain ATCC 25922 was used as quality control in MIC determination.
